Preparation of Psuedo-Ternary Library on FTO/glass. The discrete pseudo-quaternary library was produced by first considering the 5456 unique compositions in the Ni-Fe-Co-Ce space with 3.33 at% composition steps and then extracting the 665 compositions that are within 5 at% of the planar cross section identified in Figure 1a . The complete array of samples was deposited by inkjet printing onto the FTO-coated side of a 10 cm x 15 cm glass plate at a resolution of 2880 x 1440 dpi.
[3c] Four separate metal inks, of the type previously described by
Fan and Stuckey, [S1] were prepared by mixing 5 mmoles of each of the Ni, Fe, Co, and Ce precursor with 0.80 g Pluronic F127 (Aldrich), 1.0 mL glacial acetic acid (T.J. Baker, Inc.), 0.40 mL of concentrated HNO3 (EMD), and 30 mL of 200 proof Ethanol (Koptec). The metal precursors were Ni(NO 3 ) 2 -6H 2 O (1.53 g, 99.999%, Sigma Aldrich), Fe(NO 3 ) 3 -9H 2 O (2.14 g, ≥98% , Sigma Aldrich), Co(NO 3 ) 2 -6H 2 O (1.46 g, 99.99%, Sigma Aldrich), and Ce(NO 3 ) 3 -6H 2 O (2.22 g, 99.99%, Sigma Aldrich). The library of compositions was printed as a set of 1 mm x 1 mm spots on a 2 mm pitch. For Library A 7.5 nmoles of metal were deposited in each 1 mm 2 spot, while for Library B 3.75 nmoles of metal were deposited in each 1 mm 2 spot. The difference in electrochemical properties from this slight variation in synthesis procedure was found to be inconsequential for the results of this manuscript. After printing, the inks were dried and the metal precursors converted to oxides by calcination in air at 40 °C for 18 h, then at 70 °C for 24 h, followed by a 5 h ramp and 10 h soak at 350 °C. Four separate metal inks were prepared as described above and printed at 2880 x 1440 dpi, at 7.5
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nmoles of metal per mm 2 , as in Library A. After printing, the inks were dried and the metal precursors converted to oxides using the same calcination and annealing process used for the combinatorial library.
Electrochemical Characterization
Scanning droplet photoelectrochemical cell.
The detailed geometry and operational performance of a scanning droplet cell were described by Gregoire, et. Al. [3b] Briefly, a drop of solution was formed on top of a 1 mm x 1 mm ink-jet printed sample. The shape of the droplet was directed and controlled by a solution inlet port and multiple solution outlet ports without the need for a sealing gasket. The scanning droplet cell (SDC) provided an individual 3-electrode cell for each sample, including a capillary Ag/AgCl reference electrode terminating within 1 mm of the sample surface and a platinum wire counter electrode placed in the solution influent. In this study, we continuously supplied an oxygen-saturated 1.0 M NaOH(aq) solution to form a drop contact to each catalyst sample, which in this SDC configuration produces an R u = ca. 15 Ω. After moving to a new sample location, a 2 second cell stabilization period preceded the electrochemical experiments, which for Library A included a series of CP measurements at current densities J = 10, 1 and 19 mA cm -2 .
The durations of the experiments was chosen to be 15, 20, and 4 s, respectively to ensure that quasi-steady state behavior was attained. The catalyst overpotential η was determined by averaging the measured potential over the final 1 s for each current density, creating the compositional maps of catalyst performance shown in Figures 1b-1d . A similar series of CP measurements was performed on Library B (data not presented here) followed by a CV at 100 mV s -1 from -50 mV to 450 mV overpotential for the OER reaction. This CV data was used for analysis of sample redox behavior, as described below.
Electrochemical analysis of catalysts on glassy carbon rotating disk electrodes. GC RDE electrodes coated with each composition were subjected to a series of electrochemical measurements in oxygen-saturated 1.0 M NaOH blanketed under 1 atm O 2 (g). The working electrode was rotated at 1600 rpm and the counter and reference electrodes were a carbon rod (99.999%, Alfa Aesar), and a commercial saturated calomel electrode (SCE) (CH-Instruments),
respectively.
All measurements were conducted in a modified two-chamber U-cell in which the first chamber held the working and reference electrodes in ca. 120 mL of solution, and the second chamber held the auxiliary electrode in ca. 25 mL. The two chambers were separated by a fineporosity glass frit. The cell was purged for ca. 20 min with O 2 prior to each set of experiments.
During static-voltammetry measurements, the solution in the first chamber was blanketed under (forward sweep shown in Figure 2 ), a series of 30 second controlled-current CP steps and a series of controlled-potential CA steps.
In the low-η region of the CVs in Figure 2 , the oxidative currents deviate from the pure exponential trend due to the reversible oxidation of the catalyst film, particularly for the low-Ce composition. The quasi-steady state CP and CA measurements in Figure 2 do not contain appreciable sample oxidation current and thus follow the Tafel trend. At high-η the data deviate from the exponential behavior due to bubble formation at the electrode surface and corresponding decrease in electrochemically accessible surface area.
Method of Extracting Reversible Red-Ox of the Catalyst Film from Cyclic Voltammetry
The CV data collected from the pseudoternary library on FTO/glass using the SDC was analyzed by fitting the forward sweep and reverse sweep separately. To reveal the signals arising from the reversible redox processes occurring in the catalyst film, the current-potential data was fit with two components which were then subtracted: (1) a linear fit to capacitive and residual currents, and (2) an exponential fit the catalyzed oxygen evolution reaction.
Example curve fittings are shown in Figure It is important to note that the extraction of Tafel slope from the electrochemical measurements does not involve identification of an equilibrium potential. When using Tafel analysis to study catalyst mechanism, an equilibrium potential is defined and the Tafel slope extrapolation of the high-η catalytic current to the equilibrium potential provides the exchange current density. For multi-step reactions such as OER, the likely presence of a rate determining step confounds the application of this simple model. However, it is still useful to observe composition trends in an extrapolated current density, in particular because the Tafel slope varies so significantly. To this end, we use the extrapolation method described above to calculate a nominal current density.
Using the Tafel fit of the high throughput CP data, J O2/H2O is the current density extrapolated to the O 2 /H 2 O equilibrium potential (see Figure 2 ), which is shown as a function of composition in Figure S2a . For comparison the map of Tafel slope (same as Figure 4b ) is shown in Figure S2b .
The anti-correlation of J O2/H2O and α conspire to yield the engineering figure of merit trends shown in Figure 1 . Figure S2a indicates that the newly discovered catalyst exhibits a 1000-fold increase in the nominal exchange current. From the point of view of surface area engineering described in the manuscript, this great increase in current density of the high-Ce catalyst composition may be exploited at low overpotentials with an appropriately engineered electrode. Because the effective exchange current density, J O2/H2O , and Tafel slope are anti-correlated with composition, the two active catalyst composition regions require similar overpotentials at the current density applicable to distributed photoelectrochemical water splitting, 10 mA/cm 2 . It is due to this coincidence that the Ce-rich composition with higher Tafel slope shows the greater promise for reducing the overpotential at 10 mA/cm 2 , by engineering increased catalyst surface area.
Notes on Variation in Tafel slope
Since determining the Tafel slope for a given catalyst and reaction requires measurement over a broad range of current density, uncompensated resistance can alter the apparent Tafel slope.
While we are unable to measure the resistivity of each sample in the composition library, the uncompensated resistance of the scanning droplet cell itself is below 20 Ohms.
[3b] For the three samples prepared on glassy carbon rods and measured using conventional RDE techniques, the total cell resistance over multiple samples was between 5 and 25 Ω, and was uncorrelated to the film composition. These are typical values for the electrochemical cell (20 Ω, see above) and suggest that the resistance of the catalyst is not appreciable and does not vary strongly in the composition range discussed in this communication.
Additional experiments were performed to demonstrate that our noted variation in Tafel slope as a function of composition is due to a fundamental change in the catalysis rather than a composition-mediated microstructural change to the well-known Ni-Fe oxide catalysts. For the representative compositions of the transition metal-rich and Ce-rich catalyst regions, CVs were acquired on an inkjet-printed library similar to Library B, described above. Using the fitting routines described above, the catalytic current was extracted for the low-Ce and high-Ce compositions, as shown in Figure S3 . This plot makes it clear that the η-J curves for these specific catalyst films cross at approximately 11 mA/cm 2 and η = 410 mV. At η less than 410 mV, the high-Ce catalyst has a higher Tafel slope and produces a larger geometric current density than the low-Ce catalyst. It has been demonstrated via theoretical predictions and experiments that catalyst film microstructure and catalyst layer resistance can cause the measured Tafel slope to increase to a maximum of twice the mechanistically expected value for the multi-electron ORR reaction.
[S2] If the composition dependent changes in Tafel slope reported here resulted primarily from increases in film resistance with increasing Ce content, then the primary effect would be to increase the observed Tafel slope from the 45 mV/decade value of the Fe-Ni catalysts up to a maximum value of 90 mV/decade. In this case, the "modified", more resistive low-Ce catalyst would have the same η-J relationship at low current densities and the Tafel slope would increase at larger current density. A hypothetical η-J curve for a "modified Ni-Fe", resistive catalyst is shown (green) in Fig. S3 . While this hypothetical data matches the Tafel slope of the high-Ce catalyst at high current density, the behavior of the high-Ce catalyst is markedly different from this hypothetical case. The current density of this hypothetical "modified" catalyst never exceeds that of the low-Ce catalyst, the newly discovered high-Ce catalyst has significantly larger current density at low overpotentials. Therefore, the observed η-J behavior of the high-Ce catalyst cannot result simply from an increase in the catalyst film resistivity.
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